Introduction {#S0001}
============

Entheses are sites where tendons, ligaments, fasciae and joint capsules attach to bones ensuring reduction in mechanical stress on the border of tissues with various strength and elasticity^([@CIT0001])^. The pathologies of entheses are called enthesopathies. Inflammation (enthesitis) is one of them. It is believed that enthesitis may develop in the course of spondyloarthropathy (SpA)[\*](#fn1){ref-type="fn"}, metabolic or endocrine diseases and secondary to (micro)injury^([@CIT0001]--[@CIT0003])^.

According to the ASAS (Assessment of SpondyloArthritis) criteria of 2009, enthesitis is part of to the clinical picture of peripheral spondyloarthropathy and is observed in all its types^([@CIT0002])^. Some authors consider enthesitis a characteristic feature of spondyloarthropathy and the first clinical sign of this disease. Nevertheless, it is frequently ignored by both patients and physicians, which leads to considerable delay in diagnosis^([@CIT0004])^.

In the clinical practice, the diagnosis of enthesitis is based on clinical examination, including interview (pain at the site of an enthesis that subsides following physical exercise), and observing pain in an enthesis upon compression. These symptoms are non-specific since they are also present in other conditions, such as microdamage of enthesis or presence of degenerative lesions where various scars form following micro- or partial damage^([@CIT0005])^. A number of reports emphasize the relevance of imaging in diagnosing enthesitis. D\'Agostino demonstrated features of enthesitis in ultrasound examinations (US) of 98% of patients with SpA^([@CIT0006])^. Nevertheless, our own study^([@CIT0007])^ does not confirm that US differentiates the etiology of pathological entheses (more details can be found in the Part 2 of this publication).

The discussion is complicated by the fact that some authors do not confirm the existence of "primary" enthesitis. If inflammation occurs it is associated with the initial phase of the healing process of injured entheses or structures that adhere to the tendon in the vicinity of the bone attachments -- usually bursae or adipose tissue^([@CIT0008]--[@CIT0010])^. On the other hand, the latest data obtained on animal models indicate that interleukin 23 (IL-23) may take part in initiating enthesitis. IL-23, which production in the gut-associated lymphoid tissue (GALT) is dependent on the intestinal bacterial flora (microflora), may in certain cases undergo enhanced expression and spread to other tissues in the body. A new subpopulation of T lymphocytes showing increased expression of receptors for IL-23 was found in entheses. If the population is present, the receptors undergo intensive activation and proliferation thus initiating inflammation. Conversly, their blockade reduces inflammation and prevents tissue from further destruction^([@CIT0011],\ [@CIT0012])^.

Anatomy of entheses {#S0002}
===================

There are two types of entheses: fibrous and fibrocartilaginous^([@CIT0013])^. Due to their anatomic connection with a rigid material, i.e. bone, they are a common site for micro- and partial damage. According to the literature, they are at the same time predilection areas for spondyloarthropathy. In SpA, the disease affects mainly the entheses that are subject to mechanical stress, especially the fibrocartilaginous ones^([@CIT0013]--[@CIT0015])^. They are made of four parts^([@CIT0014])^: 1. fibrous part (loosely and longitudinally arranged fibroblasts and dense fibrous connective tissue); 2. non-calcified fibrocartilage (FC) with dominating chondrocytes and extracellular matrix with proteoglycans that constitutes a barrier for vessels and cells; 3. calcified fibrocartilage and 4. bone ([fig. 1](#F0001){ref-type="fig"}).

![Longitudinal section of the fibrocartilaginous enthesis of the supraspinatus muscle tendon: dense connective tissue (CT), non-calcified fibrocartilage (UF), calcified fibrocartilage (CF) and bone (B)](JoU-2015-0006-g001){#F0001}

Fibrocartilage is a transitional tissue between dense fibers of the connective tissue and cartilage, which has been formed as a result of enthesis adaptation to the compression-like stress^([@CIT0014])^, as in the wall of the Achilles tendon bursa, where so-called periosteal FC covers the posterior aspect of the calcaneal tuberosity (calcaneal bursal wall). The other, so-called sesamoid FC, develops in the ventral part of the Achilles tendon (tendinous bursal wall) and during the movement of the foot it "wraps itself" over the upper part of the calcaneal tuberosity^([@CIT0014])^. Like tendons, noncalcified fibrocartilage contains type I, III, V and VI collagen and proteoglycans (decorin, biglycan, fibromodulin and lumican) as well as type II collagen and aggrecan that are also found in the cartilage^([@CIT0014])^. The periosteal and sesamoid FC are neither vascularized nor innervated. This may partially result from the presence of aggrecan, which main glycosaminoglycan -- chondroitin sulfate -- is an axonal growth inhibitor in the central nervous system. In elderly patients, degeneration causes the appearance of vessels and nerves in the FC^([@CIT0008],\ [@CIT0016])^.

Enthesopathies including enthesitis {#S0003}
===================================

The OMERACT (Outcome Measures in Rheumatologic Clinical Trials)^([@CIT0004])^ enthesopathy definition is: "Abnormal hypoechoic (loss of normal fibrillar architecture) and/or thickened tendon or ligament at its bony attachment (may occasionally contain hyperechoic foci consistent with calcification) seen in two perpendicular planes that may exhibit Doppler signal and/or bony changes including enthesophytes, erosions, or irregularity"^([@CIT0004])^. According to the authors' opinion, this definition reflects a range of changes observed in imaging examinations (particularly US) in pathologically altered entheses, which in correlation with histological findings result from:lower echogenicity (hypoechogenicity) of enthesis -- results from the loss of its normal fibrillar structure caused by damage and edema or presence of irregular scar;thickened enthesis -- results from altered structure of the collagen fibers which undergo breaking and unfolding and thus have a greater volume;calcification (mineralization) and ossification -- result from healing processes of microdamage and scar formation;irregular outline of the entheseal osseous elements -- results from the pathological process involving the FC or entheseal bony component thereby leading to cortical bone defects, i.e. inflammatory cysts and erosions.

The term *enthesitis* was introduced by La Cava in 1959 to describe a process observed in entheses following mechanical injury. In 1971, Ball found that this pathology is a characteristic feature of ankylosing spondylitis (AS). Then, in the 1980s, a hypothesis of enthesitis was extended to include all types of spondyloarthropathies^([@CIT0014])^. It is currently believed that enthesitis is one of the main signs of SpA, especially in the peripheral type, and may be the only manifestation of this disease for a long time^([@CIT0017],\ [@CIT0018])^. Therefore, this part of SpA\'s clinical picture has become the basis for a range of indices for diagnosing and monitoring different types of spondyloarthropathies, e.g. Mander Enthesis Index, Maastricht Ankylosing Spondylitis Enthesitis Score, Major Enthesitis Index, Gladman Index and Psoriasis Area and Severity Index^([@CIT0019])^. In 2009, enthesitis was also included in the ASAS classification criteria of SpA despite the fact that in the previous years, the term "enthesopathy" had been used in Amor\'s and ESSG\'s (European Spondyloarthropathy Study Group)^([@CIT0020])^ criteria.

As mentioned before, the diagnosis of enthesitis is based on the clinical picture, mainly interview and pain upon compression with edema at the site of an enthesis. Based solely on these signs, the diagnosis of SpA is frequently made. Laboratory tests (ESR and CRP) are also non-specific and HLA-B27 antigen in peripheral type of SpA is present in merely 30--70% of cases^([@CIT0021])^. These data indicate how difficult it is to diagnose enthesitis. At the same time, such a diagnosis is an essential criterion for qualification to biological treatment in psoriatic arthritis (PsA, one of SpA types) in many countries.

Pathogenesis of enthesitis {#S0004}
==========================

Inflammatory theory {#S20005}
-------------------

There is no unambiguous definition or histopathological criterion for enthesitis^([@CIT0014])^ so far. This mainly results from the difficulties in obtaining samples for a histopathological analysis in rheumatic patients^([@CIT0018])^. Some authors confirm the existence of the inflammatory process whereas others suggest the presence of transient inflammation secondary to enthesis damage, which subsequently subsides to enable anti-inflammatory and repair processes^([@CIT0022]--[@CIT0024])^.

In 1971, Ball introduced histopathology-based diagnosis of enthesitis in patients with AS^([@CIT0018])^. Inflammatory infiltration consisting of lymphocytes and plasma cells was localized in the subchondral layer where it induced erosive processes followed by fibrous tissue proliferation with secondary formation of cartilage, and subsequently, bone^([@CIT0018])^. The existence of inflammation in the osseous part of entheses was confirmed in other studies^([@CIT0014])^. In the subchondral region of bone adjacent to entheses in patients with AS and PsA, large counts of CD3+ and CD20+ lymphocytes were found and in the synovial membrane and fluid CD4+ lymphocytes were prevalent^([@CIT0014],\ [@CIT0025])^. Moreover, unlike patients with RA, those with AS manifested prevalence of T CD8+ lymphocytes in the bony part and synovial membrane of entheses^([@CIT0014],\ [@CIT0025])^. The authors concluded that they might play the crucial role in the pathogenesis of enthesitis in SpA^([@CIT0014])^.

Mechanical theory {#S20006}
-----------------

Patients with clinical signs of enthesitis of the Achilles tendon and plantar fascia manifested increased vascularity and cellular infiltration within the FC part of the enthesis^([@CIT0018])^. It is proven that inflammation is triggered by a mechanical factor, so-called micro- or partial damage of the FC, that leads to the activation of the innate immune system, mainly macrophages^([@CIT0008])^. This was confirmed in subsequent papers published in 2000 and 2001^([@CIT0026])^. At present, more and more damage-associated molecular patterns (DAMP) are identified to trigger such an immune response at the sites of microdamage^([@CIT0008])^.

Apart from the activation of the innate immune system, a factor that damages the FC of entheses, irrespective of its nature (mechanical, infectious or stress-related), may induce inflammatory response involving the activation of Toll-like receptors (TLR) which belong to the group of pattern-recognition receptors that identify characteristic structures of microbes such as bacterial or viral DNA, RNA etc. and dendritic cells. According to this hypothesis, TLRs are activated as a result of the deposition of auxiliary molecules originating from intestinal bacteria at the site of FC damage^([@CIT0008],\ [@CIT0025])^.

Macrophages activated by enthesis damage begin secreting proinflammatory cytokines M1 (TNF-α, IL-18, 12 and 23), prostaglandins (e.g. PGE2), nitric oxide, various growth factors and neuropeptides^([@CIT0027])^. This is followed by apoptosis, release of pain mediators and matrix metalloproteinases which degrade collagen and proteoglycans. Studies conducted in our center confirmed that^([@CIT0028])^ ([fig. 2](#F0002){ref-type="fig"}).

![**A**. Focal inflammatory infiltration of lymphoid cells in the area of a tendon enthesis (200x magnification, H&E stain); **B**. Focal necrosis and chronic inflammatory infiltration in the region of a tendon enthesis (200x magnification, H&E stain)](JoU-2015-0006-g002){#F0002}

Subsequently, in normal conditions, which constitute the majority, i.e. in typical mechanical microdamage of an enthesis, we observe sequential secretion of immunosuppressive IL-10 and IL-13 cytokines which signal M2 macrophages to switch the phenotype from M1 to M2, stop inflammation processes, reduce TLR reactivity and suppress production of proinflammatory cytokines. According to some hypotheses, in certain situations, such as in rheumatic diseases, stopping inflammation is not always effective and then, a chronic inflammation develops which may lead to irreversible damage to the articular structures. Today, we know that in RA, TNF-α cytokine produced by M1 macrophages stimulates synovial fibroblast-like synoviocytes to secrete proinflammatory cytokines. The inflammation progresses. It is not known, however, how it occurs in SpA.

Synovio-entheseal complex theory {#S20007}
--------------------------------

Benjamin and McGonagle observed interrelations between an enthesis and adjacent synovial membrane of the bursa or adipose tissue and introduced the term "synovioentheseal complex" (SEC)^([@CIT0003],\ [@CIT0008],\ [@CIT0025])^. They drew attention to the inflammatory potential of the tissues that surround entheses and are related to it by function (in terms of mechanical stress dissipation) as fundamental factors in the etiopathogenesis of enthesitis^([@CIT0013])^. According to the SEC theory, micro- or partial damage to entheses may activate the mechanisms of the innate immune system and stimulate rapid development of bursitis ([fig. 3](#F0003){ref-type="fig"}). The authors provide a similar explanation for their "functional enthesis" theory, according to which the conflict of the tendon moving in the vicinity of the bone, which acts as a pulley (e.g. tibialis posterior tendon and medial malleolus), may cause tenosynovitis ([fig. 4](#F0004){ref-type="fig"}).

![**A**. Synovium of the Achilles tendon with inflammatory granulation consisting of numerous small vessels and chronic inflammatory infiltrations of lymphoid cells (100x magnification, H&E stain); **B**. Effusion as well as thickened and vascularized synovium of the Achilles tendon bursa (bursitis) in US](JoU-2015-0006-g003){#F0003}

![**A**. Inflammatory infiltration in the area of the sheath extending onto the tendon (200x magnification, H&E stain); **B, C**. Erosions on the medial malleolus in the course of chronic tibialis posterior tenosynovitis](JoU-2015-0006-g004){#F0004}

Benjamin *et al*.^([@CIT0003],\ [@CIT0008],\ [@CIT0025])^ also demonstrated proinflammatory potential of the adipose tissue of tendons and surrounding tissues. The adipose tissue is localized on the surface of the tendon in the *epitendon*, between fiber bundles (*endotendon fat*), in the angle between an enthesis and adjacent bone (*insertional angle* as e.g. the adipose tissue of the quadriceps femoris tendon), in the area of the tendon (e.g. adipose tissue of the Hoffa\'s body or Kager triangle) and in the bursa (so-called *meniscoid fat*, e.g. adipose fold of the Kager triangle which, being the component of the Achilles tendon bursa, exhibits proinflammatory potential and is additionally lined with the synovial membrane)^([@CIT0009],\ [@CIT0010],\ [@CIT0029])^.

Adipose tissue exhibits endocrine or paracrine activity and releases growth factors and pro-inflammatory cytokines. It is vascularized and innervated. It may be a source of pain and play a role in the inflammatory response^([@CIT0009],\ [@CIT0013])^ ([fig. 5](#F0005){ref-type="fig"}).

![**A**. Quite numerous inflammatory infiltrations of lymphocytes in the extra-articular adipose tissue (200x magnification, H&E stain); **B**. Edema and hyperemia of the adipose tissue of the flexor compartment in the course of tibialis posterior tenosynovitis](JoU-2015-0006-g005){#F0005}

The blood vessels that appear in tendons in the course of inflammatory and inflammatory-repair processes may originate from the adipose tissue adjacent directly to the tendon (patellar ligament, the quadriceps tendon), from the paratenon (Achilles tendon), from the loose connective tissue in the area of the tendon, and from the mesentery of the tendon (e.g. sheath tendons and the Achilles tendon).

The vessels found in entheses may also originate from the bone marrow^([@CIT0008])^. The vascular invasion is facilitated by the lack of the periosteum in entheses, which enables the stem cells of the bone marrow to gain direct access to the soft tissues of entheses and facilitates enthesis repair (see: *Pathogenesis of enthesophytes*). In fibrocartilaginous entheses, FC degeneration or partial loss of the FC creates favorable conditions for the vascular invasion of the bone marrow capillary vessels (see: *Pathogenesis of enthesophytes*)^([@CIT0008],\ [@CIT0013],\ [@CIT0025])^.

Invasive blood vessels proliferate within tendon or ligament entheses, frequently leading to multidirectional damage resulting from chronic inflammation, or they participate in the repair processes. The patient may manifest clinical symptoms of enthesitis, but in imaging examinations, we are unable to determine the order of events: whether inflammation of the adipose tissue in the vicinity of an enthesis was triggered by microdamage that presents with e.g. an enthesophyte, or whether the primary inflammatory process occurred in the adipose tissue (or in the bursa) and the enthesophyte observed is a mineralized scar after healed stress (microdamage), which has no causal relationship with the pathology of tissues surrounding the enthesis. Our own prospective US observations based on the calcaneal tuberosity enthesis do not currently allow the conclusions to be specified. In patients with clinically diagnosed enthesitis, we observe cases of bursitis or inflammation of the adipose tissue in the Kager triangle in normal as well as altered image of the enthesis^([@CIT0007])^ ([fig. 6](#F0006){ref-type="fig"}).

![Achilles tendons in a patient with clinically diagnosed enthesitis. On the right (**A, B**): tenosynovitis with the presence of inflammatory and repair process vessels penetrating into the damaged Achilles tendon; active erosion in the calcaneal wall of the bursa (**A, B**); mineralized scar following partial damage of the enthesis in the proximal part of the attachment (**A**). On the left (**C, D, E**): intratendinous damage to the Achilles tendon with inflammatory and repair process vessels originating from the fat pad of the Kager triangle; the bursa is normal (**D**); chronic enthesopathic lesions visible as areas of enhanced echogenicity of FC and blurred bone outline (**D**) as well as mineralized scars (**E**) which correspond to remodeled scars after cartilage microdamage sustained in the past](JoU-2015-0006-g006){#F0006}

Autoimmune theory {#S20008}
-----------------

Another mechanism postulated to occur in the pathogenesis of enthesitis is an autoimmune process. Aggrecan -- a large proteoglycan, which is a component of the FC and cartilage, may be a potential autoantigen in the fibrocartilage of patients with SpA. When implanted in mice, it caused peripheral arthritis and spondylitis^([@CIT0014])^. The content of aggrecan and the link protein increases upon compression in tendons whereas type I collagen is replaced by type II (*gap phenomenon*)^([@CIT0013])^. In rheumatic patients, these molecules were identified as autoantigens of the autoimmune response^([@CIT0013])^. A similar mechanism is discussed in terms of SpA^([@CIT0013])^. Nevertheless, not all authors agree that the FC is the site where enthesitis starts in spondyloarthropathy since SpA also includes fibrous entheses^([@CIT0014])^.

Genetic theory {#S20009}
--------------

In the past years, intensive studies have been conducted on genes coding numerous proteoglycans and glycoproteins that play a key role in the development, structure and function of tendons, ligaments and entheses. Not only will they allow us to learn more about the etiopathogenesis of diseases or pathological lesions, but will also facilitate genetic therapies that will inhibit pathogenetic mechanisms, such as enthesopathy, in the future^([@CIT0030],\ [@CIT0031])^. For instance, it is known that the presence of 9q33 chromosome is associated with the predisposition to Achilles tendon injuries. A similar effect was observed in the absence of the fibromodulin: fibers underwent reduction, had various diameters, uneven outlines, their arrangement was disturbed and the number of cells and amount of the endotendon was reduced. Studies on mice demonstrated the development of ectopic calcification in the Achilles tendon in the case of the lack of biglycan and fibromodulin. The absence of proteoglycan 4 led to the development of calcifications (calcified scars) in tendons and tendon sheaths^([@CIT0032])^.

Pathogenesis of enthesophytes {#S0010}
=============================

Enthesophytes are one of the most common manifestations of enthesopathies in imaging. They are considered a unique feature of spondyloarthropathy, which distinguishes it from RA^([@CIT0032])^ ([fig. 7](#F0007){ref-type="fig"}). Various hypotheses concerning the formation of enthesophytes suggest the role of inflammatory and mechanical factors as well as molecular mechanisms involving mesenchymal cells.

![Ossified scars (enthesophytes) in the calcaneal tendon enthesis seen in US (**A**) and X-ray (**B**), called upper calcaneal spur](JoU-2015-0006-g007){#F0007}

Inflammatory theory {#S20011}
-------------------

According to the inflammatory theory, the starting point of new bone formation is an inflammatory process, and more specifically -- macrophages capable of producing TGF-β cytokine and bone morphogenetic proteins (BPMs) which influence cartilage differentiation and ossification processes^([@CIT0014],\ [@CIT0032])^. Despite the fact that some of the key proinflammatory cytokines in AS, i.e. TNF, IL-1 and IL-17, inhibit ossification processes, TGF-β and BMPs lead to the formation of enthesophytes. This mechanism has not been entirely explained yet. It remains unknown why the cancellous bone, in which osteoporosis with secondary fractures occurs in AS, behaves differently to the cortical layer, in which new bones, syndesmophytes and enthesophytes are formed. It is probable that the cortical layer does not have receptors for the above mentioned cytokines.

Moreover, T lymphocytes were detected^([@CIT0032])^, which indicates IL-23 receptor expression and response to these cytokines in entheses. IL-23 overexpression led to destructive lesions in entheses with simultaneous formation of a new bone (enthesophyte). The IL-22 interleukin induced osteoblasts differentiation via Wnt and BMPs. Other cytokines, such as IL-1, IL-17, IL-18, IL-33 and oncostatin M, also have osteogenic effects. This is a proof for the fact that apart from its catabolic activity the immune system may, under certain conditions, exhibit anabolic activity as well.

Molecular theory {#S20012}
----------------

Another hypothesis indicates that enthesophytes (just as osteophytes and syndesmophytes) originate from the mesenchymal cells^([@CIT0033])^. The differentiation of precursor mesenchymal cells into enthesophytes is enabled by three groups of molecules: PGE2, BMPs and Wnt. It is not yet known whether these bony spurs (broadly speaking osteophytes), including structures localized in the peripheral joints (osteophytes in the strict sense), in entheses (enthesophytes) and along the vertebral column (spondylophytes, syndesmophytes), develop through the same molecular mechanism. Currently, we know about two basic paths of their development: endochondral ossification and membranous ossification, including chondroid metaplasia. Studies conducted in humans and mice revealed the presence of hypertrophic chondrocytes, which indicates endochondral bone formation in the spinal and peripheral joints, as well as membranous bone formation and chondroid metaplasia^([@CIT0033])^.

Mechanical theory {#S20013}
-----------------

According to the mechanical theory, enthesophytes constitute a type of a repair reaction to mechanical stress (microdamage) of the tendon or ligament and lead to damage to the FC (in fibrocartilaginous entheses) and rarely to the periosteum (in fibrous entheses)^([@CIT0013])^. In the latter case, osteoblasts originate from the mesenchymal precursor cells, which cover the intact periosteum. As a result of irritation (damage) of the periosteum, osteoblasts differentiate and form new bones (enthesophytes, syndesmophytes). The differentiation and activation of osteoblasts are regulated by various molecular signals, such as PGE2 that induces an anabolic effect on bone formation. Moreover, it acts together with the family of TGF/BMP proteins in inducing ossification. Wnt proteins also play a significant role in bone and syndesmophyte formation^([@CIT0033])^. The lack of suppression of signals transmitted by Wnt/β-catenins led to the development of large osseous lesions (enthesophytes, syndesmophytes)^([@CIT0032])^.

In fibrocartilaginous entheses, the proximity of non-calcified fibrous cartilage to the bone enables endochondral ossification^([@CIT0025])^. At first, invasion of the vessels to the fibrocartilage occurs^([@CIT0025])^. Fibrocartilaginous entheses, and more specifically the FC itself, do not have openings (canals) for vessels. However, histopathological examinations reveal that due to FC degeneration, "tunnels" form within the rows of FC cells. These "tunnels" serve as a way for capillaries and mesenchymal stem cells of the bone marrow into the fibrous part of an enthesis which subsequently become filled with the bone tissue^([@CIT0014],\ [@CIT0025])^. The problem with bone marrow-enthesis communication does not concern fibrous entheses that do not possess the FC barrier thanks to which blood flows easily between the ligament or tendon and bone. Such a situation occurs rarely, but is possible in the case of fibrocartilaginous entheses in which the continuity of FC is partially lacking. In such sites, an enthesis has the features of a fibrous attachment, which facilitates communication with the bone marrow^([@CIT0025])^.

Conclusion {#S0014}
==========

The presented above review of the state-of the-art concerning the etiopathogenesis of enthesopathy, including enthesitis, demonstrates how many issues still remain unexplained at the histopathological and immunological levels. This generates a number of questions and difficulties in interpreting imaging findings, which will be presented in the second part of the article.

Spondyloarthropathies are the second most common group of rheumatic diseases that includes five entities: ankylosing spondylitis, psoriatic arthritis, reactive arthritis, arthritis concomitant with non-specific inflammatory bowel disease and undifferentiated spondyloarthropathies. Depending on the predominant symptoms, i.e. sacroiliac arthritis or spondylitis, peripheral arthritis, enthesitis or finger arthritis, SpAs may be divided into axial and peripheral types.
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